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Foreword

The U.S. Environmental Protection Agency is charged by Congress with
protecting the Nation's land, air, and water resources. Under a mandate of national
environmental laws, the Agency strives to formulate and implement actions leading to
a compatible balance between human activities and the ability of natural systems to
support and nurture life. To meet this mandate, EPA's research program is providing
data and technical support for solving environmental problems today and building a
science knowledge base necessary to manage our ecological resources wisely,
understand how pollutants affect our health, and prevent or reduce environmental risks
in the future.

The National Risk Management Research Laboratory (NRMRL) is the Agency's
center for investigation of technological and management approaches for preventing
and reducing risks from pollution that threaten human health and the environment. The
focus of the Laboratory's research program is on methods and their cost-effectiveness
for prevention and control of pollution to air, land, water, and subsurface resources,
protection of water quality in public water systems; remediation of contaminated sites,
sediments and ground water; prevention and control of indoor air pollution; and
restoration of ecosystems. NRMRL collaborates with both public and private sector
partners to foster technologies that reduce the cost of compliance and to anticipate
emerging problems. NRMRL'’s research provides solutions to environmental problems
by: developing and promoting technologies that protect and improve the environment;
advancing scientific and engineering information to support regulatory and policy
decisions; and providing the technical support and information transfer to ensure
implementation of environmental regulations and strategies at the national, state, and
community levels.

This publication has been produced as part of the Laboratory's strategic
long-term research plan. It is published and made available by EPA's Office of
Research and Development to assist the user community and to link researchers with
their clients.

E. Timothy Oppelt, Director
National Risk Management Research Laboratory
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Abstract

The rate of chlorine (Cl,) absorption into aqueous sulfite/bisulfite [S(IV)] solutions was
measured at ambient temperature using a highly characterized stirred cell reactor. The
reactor media were 0 to 10 mM S(IV) with pH ranging from 3.5 to 8.5. Experiments
were performed using 20 to 300 ppm Cl, in nitrogen (N;). Chlorine absorption was
modeled using the theory of mass transfer with chemical reaction. Chlorine reacts
quickly with S(IV) to form chloride and sulfate. Chlorine absorption is enhanced by
increasing pH and S(IV) concentration. The rate constant for the reaction of chlorine with
S(IV) was too rapid to be precisely measured using the existing stirred cell reactor, due to
mass transfer limitations. However, the most probable value of the rate constant was
determined to be 2 x 10° L/mol-s.

These results are relevant in the simultaneous removal of chlorine, sulfur dioxide (SO,),
and elemental mercury (Hg) from flue gas. The developed model shows that good
removal of both chlorine and mercury should be possible with the injection of 1 to 10
ppm chlorine to an existing limestone slurry scrubber. These results may also be
applicable to scrubber design for removal of chlorine in the pulp and paper and other
industries.
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kY c,
Koc
K1 1o
k2,buf
kZ,Hg
Ko savy
k>.0n
Nei,

Nomenclature

gas/liquid contact area (m”)
generic anion
concentration of chlorine in liquid (mol/L =M = kmol/m3)

concentration of chloride in liquid (M)
diffusion coefficient for chlorine in water (m2/s)

diffusion coefficient for mercury in water (m2/s)
diffusion coefficient for S(IV) in water (mz/s)
enhancement factor (dimensionless)

mass flow controller

reactant stoichiometric coefficient (dimensionless)
gas flow rate to reactor (m3/s)

generic acid

Henry’s law constant for chlorine (atm—m3/kmol)

Henry’s law constant for mercury (atrn—m3/kmol)

ion mobility spectrometry

equilibrium constant

individual gas film mass transfer coefficient (kmol/s—atm—mz)

individual physical liquid film mass transfer coefficient for chlorine (m/s)
overall gas phase mass transfer coefficient (kmol/s—atm—m2)

first order rate constant for chlorine hydrolysis reaction (s™)

second order rate constant for chlorine/buffer reaction (L/mol-s)

second order rate constant for mercury/chlorine reaction (L/mol-s)

second order rate constant for chlorine/S(IV) reaction (L/mol-s)
second order rate constant for chlorine/hydroxide reaction (L/mol-s)

flux of chlorine (kmol/mz—s)

number of gas phase mass transfer units, defined as k,A/G (dimensionless)
gas phase agitation rate (rpm)

liquid phase agitation rate (rpm)

partial pressure of chlorine (atm)

partial pressure of chlorine in equilibrium with chlorine in bulk liquid (atm)

negative logarithm of acid dissociation constant
gas constant (8.205 x 107 m3—atm/mol—°C)
time (s)

temperature (°C)
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\Y% reactor volume (m3)
yue  mole fraction of mercury in the gas phase (dimensionless)

Subscripts

b in bulk

i at gas/liquid interface
in inlet

init initial
out outlet
T total
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